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We are interested in understanding the functioning and evolution of biological systems at varying scales from tiny 
microbes up to the Earth’s environment, by leveraging rapidly accumulating big data in life science and bioinformatics 
approaches. We currently focus on 1) the evolution of viruses and their links to the origin of life, 2) microbial ecology in 
different  ecosystems, and 3) the development of bioinformatics methods and biological knowledge resources for bio-
medical and industrial applications. To fuel these research  activities, we take part in environmental sampling campaigns 
such as Tara Oceans. Our resources and developed tools are  accessible through GenomeNet (www.genome.jp) to scien-
tific communities and the public.
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Comparing Two Megaviridae Communities 
Using Meta-barcode During a Red Tide 
Period in an Enclosed Bay
“Megaviridae” is a proposed family of giant viruses in-
fecting unicellular eukaryotes. They are very abundant and 
ubiquitous in the sea water and affect marine microbial 
community by their lytic infection cycle. However, only a 
few Megaviridae members have been explored in the ma-
rine environments, and their ecological roles in marine 
ecosystems remains unknow.
To study the differences of Megaviridae community in 
two different kind of water, surface sea water samples 
(0.22–3 µm) were collected from an enclosed bay (Ura-
nouchi Inret, Kochi) during a red tide period. A set of 
 degenerated primers (called “MEGAPRIMER”), which 
target family B DNA polymerase genes of Megaviridae, 
was used to assess the composition of Megaviridae com-
munity. Bioinformatic analysis was applied after sequenc-
ing. As a result, hundreds of operational taxonomic units 
(OTUs) were identified in each sample. When we com-
pared the Megaviridae structures between within and with-
out red-tide waters, there was a clear difference between 
these two samples in a community variation analysis. The 
difference was also visible in dominant OTU proportions 
(Figure 1) between the two types of samples. Phylogenetic 
analysis based on a maximum-likelihood method showed 
that almost all of the OTUs belong to unknown Mega-
viridae branches (Figure 1). Future study will mainly focus 
on the host-virus interactions and the relationship between 
viral community and environmental factors, that may reveal 
ecological functions of Megaviridae in a coastal ecosystem.
An Assessment of NCLDV Host Prediction 
Based on Co-occurrence Analysis
Nucleocytoplasmic large DNA viruses (NCLDVs) form 
a monophyletic group of viruses and our understanding of 
these virus-host systems is limited. Co-culture with their 
host is the “Gold Standard” for the identification of 
 virus-host relationship but limited by our ability to culti-
vate microorganisms (thus hosts). Therefore, consideration 
should be put into cultivation-independent approaches.
In our research, we used deeply sequenced metage-
nomic and amplicon data generated by the Tara Oceans 
project to examine if the use of co-occurrence approaches 
can provide virus-host relationship for this group of virus-
es. Samples were collected from the surface (SRF) and 
deep chlorophyll maximum (DCM) layers of global 
oceans. The abundance matrices of NCLDVs and eukary-
otes were constructed from pico-size fraction (0.22–1.6 
or 0.22–3.0 µm) and four larger size fractions (0.8–5, 
3–20_5–20, 20–180 and 180–2000 µm), respectively. Co- 
occurrence analysis was carried out by Flashweave. As a 
result, we got a large number of associations between 
NCLDVs and eukaryotes (Figure 2). However, because of 
the deficiency of information about known NCLDVs, it 
will be necessary to quantitatively evaluate the FlashWeave 
host-virus relationship predictions. Furthermore, the pre-
diction of the NCLDV-host pairs by abundance-based 
methods may be improved by combining with other data, 
such as phylogenetic relationships among various viruses. 
These bioinformatic tools eventually will help us to under-
stand the natural diversity, life cycle, interactions and co-
evolution of NCLDVs and their host.
Figure 1. Phylogenetic tree of Megaviridae OTUs (97% identity) based 
on ML method. Relative abundances of Megaviridae in routine and red-
tide samples were also shown in blue and red colors, respectively. Refer-
ence sequences-black; other pelagic sea water sequences-light blue.
Figure 2. Number of edges between NCLDVs and eukaryotes in inferred 




















0.8-5 3-20_5-20 20-180 180-2000 
size factions 
